Outside and inside bark diameter measurements were recorded from free disks obtained at 0-, 0.5-, 2.0-, 4.5-, 6.0-, 16.6-, and at 4-ft-height intervals above 6 ft to a 2-in, diameter outside bark top diameter on 42 longleaf pine trees selected from intensively managed longleaf pine (Pinus palusiris Mill.) plantations in Dougherty and Worth Counties in southwest Georgia. Trees were sampled from unthinned, cutover stands in their 11th and 14th growing season, which are currently part of an existing growth and yield study. Sample trees ranged from 2 to 7 in. in diameter and from 18 to 40 ft in total height. Parameters for a segmented polynomial taper and compatible cubic foot volume and weight equation were simultaneously estimated using a seemingly unrelated nonlinear fitting procedure to volumes based on a generalized Newton formula and an overlapping bolt methodology. Average error was approximately 0.25 in., 0.04 ft', and 2.5 lb for taper, volume, and weight estimation, respectively.
as well as chemical site preparation. Plantations ranged in age from 12 to 14 years and were established on sandy loam soils using bare root seedlings. A description of these plantations is presented in Table 1 .
Approximately 15 sample trees were selected from the interior of each plantation from the area buffering existing permanent growth and yield plots. An attempt was made to stratif y the sample by diameter class without leaving holes in the existing stand. Sample tree distribution by height and diameter class is displayed in Table 2 . Trees possessing multiple stems, broken tops, obvious cankers, or crooked boles were not included in the sample. Each sample tree selected for stem analysis was felled at ground level. A 100-ft tape was used to directly measure total height of each tree after felling (recorded to the nearest 0.1 ft). Diameter outside bark (dob) at breast height was measured and recorded to the nearest 0.1 in. Each tree was bucked into sections and 1-in.-thick sample disks were obtained at different heights above the tree base. Disks were extracted at the base, 0.5-, 2.0-, 4.5-, 6.0-, and at 4-ft intervals to a 2-1n, top dob. Each disk was labeled and sealed in a plastic bag to preserve moisture and prevent shrinkage. In the laboratory, dob and diameter inside bark of each disk were measured along with the measurements of disk green weight (wood and bark and wood), specific gravity (wood and bark), and moisture content (wood and bark). The bolt weight (green weight of wood and bark, green weight of wood, and dry weight of wood) was computed by applying a weighted average bolt density multiplied by actual bolt volume Thomas 1989, 1996) . Actual volume for each bolt and tree was calculated using the overlapping bolts method as described by Bailey (1995) and a generalized Newton formula described by 
.4).
The volume equation derived through integration of the Max and Burkhart taper equation of the form
All other variables are the same as previously defined.
Weight Equation
Using the taper equation, a merchantable weight prediction equation can be expressed as 
where all variables are the same as previously defined. 
Model Evaluation
To evaluate model performance, percent bias (bias%), the standard error of the estimate (SEE) and a fit index (Fl) were used for model evaluation. These evaluation statistics are defined as
FU=l-where Y = observed value for the ith observation; 1 = predicted value for the ith observation; Y = mean of the Y; k = number of estimated parameters; and n = number of observations in the data set.
To concurrently minimize error in compatible taper, volume, and weight equations, all equations were fitted simultaneously using SAS PROC MODEL (SAS Institute, Inc., 2002) . All parameters were shared by taper, volume, and weight equations. The models were independently fitted to outside and inside bark data. Parameter estimates by model are displayed in Table 4 .
Results and Discussion

Taper Equation
Parameter estimates were obtained by simultaneously fitting taper, volume, and weight equations (outside bark and inside bark). All parameters in the equation were found to be significant at the 0.000 1 level (Table 4 ). The overall statistics of fit (bias%, SEE, and Fl) for the entire merchantable stem were calculated and presented in Table 5 for both dob and diameter inside bark. The results indicate that Equation 1 explained more than 97% of the variation for predicting dob and diameter inside bark. Equation 1 was evaluated further by relative height (h/H) classes to evaluate its performance at different positions throughout the merchantable stem. Because stem analysis was stopped at a 2-in, top dob, the data were split into nine relative height classes. The bias% and SEE were calculated for each equation by relative height class and used to evaluate taper, volume, and weight (outside bark and inside bark) estimates (Table 6 ). The 
Volume Prediction
Statistics of fit (bias%, SEE, and Fl) for the entire merchantable stem volume (outside and inside bark) are presented in Table 5 . Equation 2 explained more than 96% of the variation for predicting volume outside and inside bark. The results indicate that Equation 2 had better overall prediction statistics for volume with lower bias% and SEE and higher FT values. Volume prediction by relative height class also was evaluated (Table 6 ). Equation 2 showed better outside and inside bark volume prediction for most sections with lower biases and SEE and residual analysis showed no irregular trends.
Weight Equation
The overall statistics of fit (bias%, SEE, and Fl) for Equation 5 are presented in Table 5 for green weight outside bark and green and dry weight inside bark. Equation 5 explained more than 95% of the variation for predicting green and dry weight. The results indicate that Equation 5 had better overall prediction statistics for green and dry weight with lower bias% and SEE and higher FT values. Weight prediction by relative height class also was evaluated (Table 6 ). The results indicate that Equation 5 performed well for all sections and residual analysis showed no irregular trends. For the tree bole section that was less that 90% of total height, average error (SEE) ranged from 1.5 to 3.4 lb for green weight outside bark, between 0.8 and 2.3 lb for green weight inside bark, and between 0.4 and 1.3 lb for dry weight inside bark. These results were somewhat surprising, because previous researchers working with southern pines and willow oak ( Quercuspheios L.) have used specific gravity equations that are a function of height on the bole (h), relative height (h/H), or a function of height and age (Parresol and Thomas 1989 , Thomas et al. 1995 , Parresol and Thomas 1996 , Zhang et al. 2002 and Jordan et al. 2006 . For this data set, green and dry wood density is fairly stable above the butt section of the bole and then exhibiting a slight decrease in wood density in the crown section of the tree.
Because of the limited size of the data set, we did not split the data set into two groups for model construction and validation. However, we did look at model stability by using a form of cross-validation. We fit outside and inside bark taper, volume, and weight equations to two plantations (excluding one), and then checked the reliability of the equations to predict responses for the plantation omitted. Repeating this process for each plantation, we then measured the overall reliability for each equation. An estimate ofbias% and SEE was calculated for each plantation. The results from this technique indicate that the predictive errors from the cross-validation procedure are similar to those derived from using the entire data set ( Table 7) . 
Conclusions
In this study, a system of taper, volume, and weight equations was developed for young planted longleaf pine in southwest Georgia. To ensure numeric consistency, a simultaneous fitting procedure was used for each compatible taper, volume, and weight system of equations. Parameter estimates were obtained that simultaneously minimized taper, volume, and weight error. Equations 1, 2, and 5 showed consistent performance in terms of overall fit statistics, sectional performance, bias%, and SEE in estimating diameter, volume, and weight, respectively. Selection of single stem sample trees of varying sizes is not uncommon in taper, volume, and weight systems, but readers should be aware of the potential bias when applying these results to damaged or irregularly shaped trees.
A constant wood density function performed well when combined with an accurate taper function. It should be noted that the development of linear or a quadratic wood density model may only provide marginal improvements in predictive accuracy but would add considerably to model complexity.
Example Computations
Assume that we want to calculate stem volume and dry weight inside bark between a 0.5-ft stump and a 30-ft merchantable height for a tree with a dbh of 5.2 in. and a total height of 36 ft. First, calculate the upper and lower limits for Z- 
